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MEMORY DEVICE COMPRISING SINGLE TRANSISTOR HAVING 
FUNCTIONS OF RAM AND ROM AND METHODS FOR OPERATING AND 

MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a semiconductor memory device. 

More particularly, the present invention relates to a semiconductor memory 
device including a single transistor having functions of random access 
memory (RAM) and read-only memory (ROM), and methods for operating 
and manufacturing the same. 

2. Description of the Related Art 

[0002] While RAMs allow fast data access, they are volatile, meaning that 

they lose their contents when the power is turned off. In contrast, ROMs, 
which are computer memories on which data has been prerecorded, retain 
their contents even when the power is turned off. ROM has a data access 
rate that varies depending on the type of memory, but is much slower than 
that of RAM. For example, flash memories, which are a variation of 
electrically erasable programmable read-only memory (EEPROM) that can 
be written and read by an electrical signal, are similar to ROM in that they 
retain their contents even when the power is turned off. At the same time, 
the flash memories have characteristics similar to RAM in that they can be 
erased and reprogrammed. Flash memories are faster than EEPROM, but 
they are not as fast as RAM. Also, since flash memories can write data by 
injecting electric charges through tunneling, their write voltages are high and 
their write time is long. 

[0003] To overcome the above problems, nonvolatile RAMs (NVRAMs) have 

been developed. To get a NVRAM, a dielectric film of a capacitor in 1T-1C 
dynamic RAM having an array of unit cells, each having a single transistor 
and a single capacitor, is replaced by a capacitor with a ferroelectric film 
such as PZT (PbZr x Tii- x 0 3 ), and an electrode is replaced by a heat resistant 
metal such as platinum (Pt). However, the NVRAM has a problem in that 
the fabrication process is complicated because a new process recipe is used 
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to pattern a ferroelectric material and a heat resistant metal that are hard to 
etch. Another problem of NVRAM is that the direction of voltage applied 
must be changed for data recording and writing, and it is not commercially 
viable due to high applied voltage. Furthermore, it is more difficult to 
effectively utilize space than if a flash memory is used since the NVRAM 
includes capacitors together with transistors. 

SUMMARY OF THE INVENTION 
[0004] To solve the above problems, it is a first feature of an embodiment of 

the present invention to provide a memory device having the advantages of 
both RAM and ROM, a small size, a simple construction, a low operating 
voltage and a simple fabrication process due to the use of a current 
fabrication process. 

[0005] It is a second feature of an embodiment of the present invention to 

provide a method for operating the memory device. 

[0006] It is a third feature of an embodiment of the present invention to 

provide a method of manufacturing the memory device. 

[0007] In order to achieve the first feature, the present invention provides a 

memory device including a single transistor wherein the single transistor is a 
memory transistor having a gate including a nonvolatile memory element. 

[0008] The nonvolatile memory element may be formed between a gate 

insulating layer and a gate conductive layer, both layers constituting the gate, 
and connected to first and second bit lines separated from each other. 

[0009] The first and second bit lines may pass below or above the 

nonvolatile memory element. 

[0010] The nonvolatile memory element preferably includes semiconductor 

quantum dots formed on the gate insulating layer and an amorphous 
material layer covering the plurality of semiconductor quantum dots, wherein 
the amorphous material layer stores carriers emitted from the semiconductor 
quantum dots and maintains the carriers in a nonvolatile state until the 
emitted carriers are recaptured into the semiconductor quantum dots. 
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[001 1] The semiconductor quantum dots are preferably silicon dots arranged 

at regular intervals, and the amorphous material layer, which is an 
amorphous dielectric layer, is preferably an amorphous silicon nitride layer or 
an amorphous alumina layer. Also, the amorphous dielectric layer may be 
replaced with an insulating layer such as a silicon oxide layer (SiC>2). The 
first and second bit lines are preferably conductive impurity layers formed 
from the surface of the substrate to a predetermined depth. 

[0012] In another embodiment, a memory device includes a substrate, a 

transistor formed on the substrate, and a nonvolatile memory means formed 
between the transistor and the substrate. The nonvolatile memory means 
preferably includes an amorphous material layer formed on the substrate 
and semiconductor quantum dots formed on the amorphous material layer, 
wherein the amorphous material layer stores carriers emitted from the 
semiconductor quantum dots and maintains the carriers in a nonvolatile state 
until the emitted carriers are recaptured into the semiconductor quantum 
dots. Preferably, the transistor includes: first and second metal layer 
patterns formed on the amorphous material layer, both being separated from 
each other; an insulating layer formed on the amorphous material layer so as 
to cover the semiconductor quantum dots and the first and second metal 
layer; and a word line formed on the insulating layer at a position 
corresponding to a position where the semiconductor quantum dots are 
formed. 

[0013] Preferably, the memory device further includes: an interlayer dielectric 

layer formed on the insulating layer for covering the word line; a via hole 
formed in the interlayer dielectric layer and the insulating layer so that the 
first metal pattern is exposed; and a fourth metal layer pattern formed on the 
interlayer dielectric layer for filling the via hole and passing across the word 
line. 

[0014] In order to achieve the second feature of an embodiment of the 

present invention, the present invention provides a method for operating a 
memory device including a single transistor formed on a substrate, wherein 
the single transistor is a memory transistor having a gate with a nonvolatile 
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memory element, and the nonvolatile memory element is connected to a bit 
line comprised of first and second bit lines passing across the gate. 
According to the method, an addressing voltage and a write voltage are 
applied to the gate and the bit line, respectively, to write data to the 
nonvolatile memory element. 
[0015] First and second write voltages are preferably applied to the first and 

second bit lines, respectively, to store data "1" and "0" to the nonvolatile 
memory element, and the first and second write voltages are the same as or 
different from each other. The second write voltage is preferably applied to 
the first bit line to store data "1", the first write voltage is preferably applied to 
the second bit line to store data "0", and the first and second write voltages 
are the same as or different from each other. A first write voltage may be 
applied to the second bit line to store data, and a second write voltage 
higher than the first write voltage may be applied to the second bit line to 
store different data. 

[0016] The written data may be read by measuring the conductivity of the 

nonvolatile memory element. An addressing voltage may be applied to the 
gate, and then a current measuring means connected to the first bit line to 
measure current between the gate and the first bit line and thus measure the 
conductivity of the nonvolatile memory element, whereby data "1" or data "0" 
is read depending on the measured current. 

[0017] The present invention also provides a method for operating a memory 

device including a substrate, a transistor formed on the substrate, the 
transistor having a gate, a drain connected to a bit line, and a source 
connected to a source of another transistor, a nonvolatile memory element 
formed between the gate and the substrate, and a metal line parallel to a 
word line connected to the transistor. According to the method, data is 
written by changing the conductivity of the nonvolatile memory element when 
the metal line is grounded. The nonvolatile memory element may be 
comprised of a material layer for storing carriers and semiconductor 
quantum dots formed thereon. 

[0018] A write voltage and an addressing voltage may be applied to the bit 

line and the word line, respectively, when the metal line is grounded, to write 
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data by changing the conductivity of the carrier storing material layer. Data 
may be written by changing the addressing voltage while the write voltage 
remains constant or by changing the write voltage while the addressing 
voltage remains constant. 

[0019] In this case, the written data may be read by measuring the 

conductivity of the nonvolatile memory element. Preferably, a read voltage 
is applied to the bit line, and then a current measuring means is connected 
to the metal line to measure current between the bit line and the metal line 
and thus the conductivity of the nonvolatile memory element. 

[0020] Different first or second read voltages may be applied to the bit line to 

measure current between the bit line and the metal line and thus read data. 
A read voltage and an addressing voltage may be applied to the metal line 
and the word line, respectively, and then a current measuring means may be 
connected to the bit line to measure current between the metal line and the 
bit line and thus the conductivity of the nonvolatile memory element. 

[0021] In order to achieve the third feature of an embodiment of the present 

invention, the present invention provides a method of manufacturing a 
memory device. The manufacturing method includes: defining a field region 
and an active region in a substrate; forming a field oxide layer on the field 
region; forming an insulating layer on the active region; patterning the 
insulating layer to form first and second bit lines separated from and parallel 
to each other on the active region; forming a memory element for storing 
data in a nonvolatile state on the insulating layer and the first and second bit 
lines so that the memory element passes across the first and second bit 
lines; and forming a word line on the insulating layer and the memory 
element. 

[0022] Preferably, the step of forming the memory element further includes: 

forming a plurality of spaced semiconductor quantum layers on the insulating 
layer and the first and second bit lines, and forming an amorphous material 
layer covering the semiconductor quantum dots on the insulating layer. The 
step of forming the memory element preferably includes the steps of forming 
an amorphous material layer on the insulating layer and the first and second 
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bit lines, and forming spaced semiconductor quantum dots on the 
amorphous material layer. 

[0023] The amorphous material layer may be an amorphous dielectric layer, 

and the amorphous dielectric layer may be an amorphous silicon nitride layer, 
an amorphous alumina layer or a silicon oxide layer (Si0 2 ). 

[0024] In another embodiment of the present invention, a method of 

manufacturing a memory device includes: forming a nonvolatile amorphous 
material layer on a substrate; and forming a transistor on the nonvolatile 
amorphous material layer so that semiconductor quantum dots for emitting 
carriers to the amorphous material layer or recapturing the emitted carriers 
by application of a voltage are formed between the transistor and the 
amorphous material layer. 

[0025] The step of forming the transistor preferably comprises: forming first 

and second metal layer patterns on the nonvolatile amorphous materia! 
layer; forming semiconductor quantum dots on the nonvolatile amorphous 
material layer between the first and second metal layer patterns; forming a 
gate insulating layer covering the resultant in which the semiconductor 
quantum dots are formed on the substrate; and forming a word line 
corresponding to the semiconductor quantum dots on the gate insulating 
layer. 

[0026] The manufacturing method may further include: forming an interlayer 

dielectric layer covering the word line on the gate insulating layer; forming a 
via hole for exposing the first metal layer pattern; and forming a fourth metal 
layer pattern for filling the via hole and passing across the word line on the 
interlayer dielectric layer. 

[0027] Accordingly, the present invention provides a memory device having 

advantages of RAM and ROM and a low operating voltage. Furthermore, 
the memory device is comprised of a single transistor, thus reducing the 
overall size of the device. The memory device is manufactured by a current 
CMOS fabrication process, thereby simplifying the fabrication process. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] The above features and advantages of the present invention will 

become more apparent by describing in detail preferred embodiments 

thereof with reference to the attached drawings in which: 
[0029] FIG. 1 illustrates an equivalent circuit diagram of a memory device 

including a single transistor having functions of RAM and ROM according to 

a first embodiment of the present invention; 
[0030] FIG. 2 illustrates a cross-section taken along a direction perpendicular 

to the bit line of the memory device of FIG. 1 , including a single transistor 

having functions of RAM and ROM; 
[0031] FIGS. 3 and 4 illustrate cross-sections for explaining a first 

embodiment of a write operation in a method for operating a memory device 

according to a first embodiment of the present invention; 
[0032] FIGS. 5 and 6 illustrate cross-sections for explaining a read operation 

in the method for operating a memory device according to the first 

embodiment of the present invention; 
[0033] FIGS. 7 and 8 illustrate cross-sections for explaining a second 

embodiment of a write operation in the method for operating a memory 

device according to the first embodiment of the present invention; 
[0034] FIGS. 9-12 illustrate cross-sections taken along line A-A' of FIG. 13, 

showing steps of a method of fabricating a memory device according to a 

first embodiment of the present invention; 
[0035] FIG. 13 illustrates a layout of a bit line and a word line of the memory 

device according to the first embodiment of the present invention; 
[0036] FIG. 14 illustrates a cross-section of a memory device according to a 

second embodiment of the present invention; 
[0037] FIG. 15 illustrates an equivalent circuit diagram of the memory device 

according to the second embodiment of the present invention; 
[0038] FIGS. 16 and 17 illustrate cross-sections for explaining a first 

embodiment of a write operation in multiple methods for operating a memory 

device according to a second embodiment of the present invention; 
[0039] FIG. 18 illustrates a cross-section for explaining a first embodiment of 

a read operation, that is, an operation for reading data recorded by the first 
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embodiment of a write operation, in the methods for operating a memory 
device according to the second embodiment of the present invention; 

[0040] FIGS. 19 and 20 illustrate cross-sections for explaining a second 

embodiment of a write operation in the methods for operating a memory 
device according to the second embodiment of the present invention; 

[0041] FIG. 21 illustrates a cross-section for explaining a second 

embodiment of a read operation, that is, an operation for reading data 
recorded by the second embodiment of a write operation, in the methods for 
operating a memory device according to the second embodiment of the 
present invention; and 

[0042] FIGS. 22-26 illustrate cross-sections showing steps of a method of 

fabricating a memory device according to a second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFFERED EMBODIMENTS 
[0043] Korean Patent Application No. 2001-1549, filed on January 1 1 , 2001 , 

and entitled: "Memory Device Comprising Single Transistor Having 
Functions of RAM and ROM and Methods for Operating and Manufacturing 
the Same," is incorporated by reference herein in its entirety. 
[0044] In the drawings, the thickness of layers and regions are exaggerated 

for clarity. First, a memory device according to a first embodiment of the 
present invention will be described. 
[0045] In FIG. 1 , which illustrates an equivalent circuit diagram of a cell array 

within a semiconductor chip including a memory transistor according to an 
embodiment of the present invention, reference numeral 40 denotes a single 
memory transistor having functions of RAM and ROM. Reference 
characters B1 and B2 denote first and second bit lines B1 and B2 
respectively connected to a source S and a drain D of the memory transistor 
40, and W denotes a word line connected to a gate G thereof. The cell 
array includes a plurality of memory transistors 40 arranged in rows and 
columns, and word lines corresponding to the number of rows of the memory 
transistors 40 and bit lines corresponding to double the number of columns 
of the memory transistors 40. An element 42 for measuring current across 
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the bit lines is connected to the first bit line B1 of each of the memory 
transistors 40. The current measuring element 42 is preferably a sense 
amplifier or may be any other current measuring unit. A quantum dot 44 (or 
a quantum layer), which determines nonvolatility of the memory transistor 40, 
is formed at the gate G of the memory transistor 40. 

[0046] Referring to FIG. 2, which illustrates a cross-section of the memory 

transistor 40 taken along the word line perpendicular to the bit line, the 
internal configuration of the memory transistor 40 will now be described. 

[0047] More specifically, a field oxide layer 52 is formed on a substrate 50. 

The memory transistor 40 is provided on an active region between the field 
oxide layers 52 together with the first and second bit lines B1 and B2. The 
first and second bit lines B1 and B2, which are conductive impurity layers 
formed to a predetermined depth, are separated from each other by a 
predetermined distance. An insulating layer 54 is provided on the substrate 
50 between one of the first and second bit lines B1 and B2 and between the 
other one of the first and second bit lines B1 and B2. The insulating layer 
54 is preferably a silicon oxide (Si0 2 ) layer, but it may be a layer of another 
material. A plurality of semiconductor quantum dots (or quantum layers) 56 
are arranged at regular intervals on the first and second bit lines B1 and B2 
and the insulating layer 54. The semiconductor quantum dots 56 are, for 
example, silicon dots (silicon particles). The semiconductor quantum dots 
56 emit carriers such as electrons, or recapture emitted electrons by 
application of a voltage. A carrier storing material layer 58 for covering the 
plurality of semiconductor quantum dots 56 is provided on the insulating 
layer 54 between the field oxide layers 52 and on the first and second bit 
lines B1 and B2. The carrier storing material layer 58 stores carriers 
emitted from the semiconductor quantum dots 56 due to an applied voltage 
while keeping the carriers in a nonvolatile state until the emitted carriers are 
recaptured into the semiconductor quantum dots 56. Due to these 
properties, the carrier storing material layer 58 is called an amorphous 
material layer. The amorphous material layer 58 may be replaced with an 
insulating layer. The semiconductor quantum dots 56 and the amorphous 
material layer 58 are memory elements included in the gate (G of FIG. 1) of 
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the memory transistor 40. The amorphous material layer 58 is an 
amorphous dielectric layer. In particular, the amorphous material layer 58 
is preferably an amorphous silicon nitride (SiN) layer, or other amorphous 
material layer having carrier storing properties such as amorphous alumina 
layer (Al 2 0 3 ) or a silicon oxide layer (Si0 2 ). A word line 60 passing across 
the first and second bit lines B1 and B2 is provided on the amorphous 
material layer 58 overlying the insulating layer 54. The word line 60, which 
is a conductive layer such as an aluminum layer, the insulating layer 54, the 
semiconductor quantum dots 56, and the amorphous material layer 58 
constitute the gate G. 
[0048] The operation of a memory device according to a first embodiment of 

the present invention will now be described. 

FIRST EMBODIMENT 
Write 

[0049] As shown in FIG. 3, an addressing voltage Vw is applied across the 

word line 60, and a first write voltage Vd is applied across the first bit line B1 . 
The first write voltage Vd is higher than the addressing voltage Vw. A 
carrier (electron) stored in the amorphous material layer 58 is recaptured into 
the semiconductor quantum dot 56 by application of the voltages, thereby 
increasing the electric resistance of the amorphous material layer 58. In 
this case, the state of the amorphous material layer 58 refers to a state in 
which data "1" has been written to it. 

[0050] As shown in FIG. 4, in order to write data "0" to the amorphous 

material layer 58, an addressing voltage Vw is applied to the word line 60, 
and a second write voltage Vd is applied to the second bit line B2. In this 
case, the second write voltage Vd may be the same as or different from the 
first write voltage Vd. If a voltage is applied in this way, a carrier is emitted 
from the semiconductor quantum dot 56 to the amorphous material layer 58, 
thereby decreasing the electric resistance of the amorphous material layer 
58. 
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Read 

-Reading data "1"- 

[0051] As shown in FIG. 5, an addressing voltage Vw is applied to the word 

line 60, and then the current measuring element 42 is connected to the first 
bit line B1 to measure current across the first bit line B1 . As described 
above, since the resistance of the amorphous material layer 58 increases as 
data "1" is written to it, current flowing across the first bit line B1 decreases. 
Thus, it may be considered that data "1" has been read from the amorphous 
layer 58 when current across the first bit line B1 is small. 
-Reading data "0"- 

[0052] As shown in FIG. 6, after an addressing voltage Vw is applied to the 

word line 60, current flowing across the first bit line B1 is measured using the 
current measuring element 42. As described above, data "0" has been 
written through emitting of a carrier from the semiconductor quantum dot 56 
to the amorphous material layer 58, thus making the resistance of the 
amorphous material layer 58 lower than that if data "1" has been written. 
Thus, it may be considered that data "0" has been read from the amorphous 
material layer 58 if current across the first bit line B1 is larger than that when 
the data "1" is read. 

SECOND EMBODIMENT 
Write 

[0053] Referring to FIG. 7, an addressing voltage Vw and a first write voltage 

Vd are applied to the word line 60 and the second bit line B2, respectively, 
thereby increasing the resistance of the amorphous material layer 58. It 
may be considered that data "1" has been written to the amorphous material 
layer 58 when the resistance of the amorphous material layer 58 is 
increased. Referring to FIG. 8, in order to write data "0", a voltage is 
applied in the same manner as when data "1" is written, and a third write 
voltage Vh higher than the first write voltage Vd is applied to the second bit 
line B2, thereby making the resistance of the amorphous material layer 58 
lower than if the data "1" is written. 
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Read 

[0054] Data "1" and "0" are read in the same manner as in the first 

embodiment of this invention. 

[0055] A method of manufacturing a memory device according to a first 

embodiment of the present invention will now be described. Referring to 
FIG. 9, an active region A R on which semiconductor devices are to be 
formed and a field region F R for separating the active regions A R are defined 
on the substrate 50. A field oxide layer 52 is formed on the field region F R 
and an insulating layer 54 is formed on the substrate 50. The insulating 
layer 54 serving as a gate insulating layer is preferably formed of silicon 
oxide. A part of the insulating layer 54 overlying the active region A R is 
removed by photolithography to expose first and second regions 50a and 
50b of the substrate 50. Conductive impurities are implanted and diffused 
into the first and second regions 50a and 50b thereby forming first and 
second conductive impurity layers B1' and B2' on the first and second 
regions 50a and 50b. In this case, the conductive impurities are preferably 
implanted using ion implantation, but they may be implanted using other 
implantation techniques. The first and second conductive impurity layers 
B1' and B2' are formed to become first and second bit lines, respectively. 
The first and second bit lines B1 and B2 of FIG. 10 are respectively 
connected to a source and a drain of a memory transistor to be formed. 

[0056] Referring to FIG. 10, a plurality of semiconductor quantum dots 56 are 

formed over the resulting material in which the first and second bit lines B1 
and B2 have been formed. Preferably, the semiconductor quantum dots 56 
are very fine, are arranged at regular intervals, and are formed of silicon. 
An amorphous material layer 58 covering the plurality of semiconductor 
quantum dots 56 is formed on the insulating layer 54. The amorphous 
material layer 58 stores carriers (electrons) emitted from the semiconductor 
quantum dots 56 by application of a voltage while maintaining the carriers in 
a nonvolatile state until the carriers are recaptured into the semiconductor 
quantum dots 56. The amorphous material layer 58 is preferably formed of 
a silicon nitride layer, but it may be formed of an alumina layer or a silicon 
oxide layer (Si0 2 ). A photoresist layer (not shown) is applied on the 



amorphous material layer 58, and then the photoresist layer is patterned to 
form a photoresist pattern P, which exposes a portion of the amorphous 
material layer 58 and the underlying semiconductor quantum dots 56 formed 
on the field oxide layer 52. The exposed portion of the amorphous material 
layer 58 and the underlying semiconductor quantum dots 56 are etched 
using the photoresist pattern P as an etch mask. The etching is performed 
until the insulating layer 54 is exposed. Then, the photoresist pattern P is 
removed by ashing and stripping. 

[0057] As a result, as shown in FIG. 1 1 , the semiconductor quantum dots 56 

and the amorphous material layer 58 on the field oxide layer 52 are removed 
thereby limiting a region on which the amorphous material layer 58 is formed 
to the active region between the field oxide layers 52. 

[0058] Referring to FIG. 12, a word line 60 covering the amorphous material 

layer 58 is formed on the insulating layer 54. The word line 60 is formed of 
an aluminum layer. The word line 60 is patterned in a direction in which it 
passes across the first and second bit lines B1 and B2, thereby forming a 
gate constructed of the insulating layer 54, the semiconductor quantum dots 
56, the amorphous material layer 58, and the word line 60. Then, a source 
and a drain respectively connected to the first and second bit lines B1 and 
B2 are formed on either side of the gate on the substrate 50, thereby forming 
a memory transistor including a single transistor having advantages of both 
RAM and ROM. 

[0059] FIG. 13 illustrates a layout of a cell including a memory transistor 

manufactured by the method described above, and FIGS. 9-12 illustrate 
cross-sections taken along line A'-A of FIG. 13, i.e., a direction perpendicular 
to the bit lines B1 and B2. 

[0060] A memory device according to a second embodiment of the present 

invention will now be described. Referring to FIG. 14, an amorphous 
material layer 72 is provided on a substrate 70. The amorphous material 
layer 72 is the same element (58 of FIG. 2) in the memory device according 
to the first embodiment of the present invention. A transistor is formed on 
the amorphous material layer 72. More specifically, first and second metal 
layer patterns 74 and 76 are provided on the amorphous material layer 72, 
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both patterns 74 and 76 being separated from each other by a 
predetermined distance. The first metal layer pattern 74 preferably formed 
of platinum (Pt) serves both as a pad conductive layer for securing a contact 
margin and as a drain of the transistor. The second metal layer pattern 76 
also preferably formed of platinum is a source of the transistor. A plurality 
of semiconductor quantum dots 78 are provided on the amorphous material 
layer 78 between the first and second metal layer patterns 74 and 76. The 
semiconductor quantum dots 78 are the same element (56 of FIG. 2) 
described in the first embodiment of this invention, and thus a detailed 
explanation thereof will be omitted. The semiconductor quantum dots 78 
are also provided on opposite sides of the first and second metal layer 
patterns 74 and 76 and some regions thereon. The amorphous material 
layer 72 and the semiconductor quantum dots 78 are memory elements for 
storing data and maintaining the stored data in a nonvolatile state. An 
insulating layer 80 is provided on the resulting structure in which the 
semiconductor quantum dots 78 exist in order to cover the first and second 
metal layer patterns 74 and 76, the amorphous material layer 72, and the 
semiconductor quantum dots 78. The insulating layer 80 is a silicon oxide 
layer serving as a gate instating layer. A word line 82 is provided on the 
insulating layer 80 between the first and second metal layer patterns 74 
and 76. The word line 82, which is a gate conductive layer, extends onto 
part of the first and second metal layer patterns 74 and 76. The word line 
82 is preferably formed of polysilicon. An interlayer dielectric layer 84 
covering the word line 82 is formed on the insulating layer 80. The 
interlayer dielectric layer 84 is preferably formed of silicon oxide. A via hole 
86 is formed to expose the first metal layer pattern 74. The semiconductor 
quantum dots 78 are exposed through one side of the via hole 86. A plate 
line 88 is provided for contacting the first metal layer pattern 74 and the 
semiconductor quantum dots 78 through the via hole 86. The plate line 88, 
which is preferably an aluminum pattern, is a bit line for passing across the 
word line 82. 

FIG. 15 illustrates an equivalent circuit diagram of the memory device 
according to the second embodiment of the present invention. In FIG. 15, 



reference numeral 100 denotes the memory device, i.e., the memory 
transistor, whose cross-section is shown in FIG. 14, W n and W n+ i denote 
n-th and n+1-th word lines, respectively, and correspond to the word line 82 
shown in FIG. 14. B n and B n+ i denote n-th and n+1-th bit lines connected to 
drains of the memory transistors 100, respectively. P n and P n +i denote n-th 
and n+1-th common source lines, respectively, and correspond to the 
second metal layer pattern 76 shown in FIG. 14. Thus, the metal layer 
pattern 76 in FIG. 14 is a metal line connected to the source of another 
transistor 100 as well. The reference numeral 1 10 is a quantum layer 
composed of the amorphous material layer 72 and the semiconductor 
quantum dots 78, both of FIG. 14. 
[0062] The operation of a memory device according to a second embodiment 

of the present invention will now be described. 
FIRST EMBODIMENT 
Write 

[0063] As shown in FIG. 16, a first write voltage Vb and an addressing 

voltage Vw are applied to a fourth metal layer pattern 88 (hereinafter called 
"bit line") and a third metal layer pattern 82 (hereinafter called "word line"), 
respectively, thereby writing data "1". In this case, the second metal layer 
pattern 76 (hereinafter called "common source line") is grounded. 

[0064] FIG. 17 shows application of a voltage when data "0" is written. 

Referring to FIG. 17, the first write voltage Vb and a second addressing 
voltage Vw' are applied to the bit line 88 and the word line 82, respectively, 
thereby writing data "0". In this case, the second addressing voltage Vw' is 
lower than the first addressing voltage Vw, and the common source line 76 is 
grounded. 
Read 

[0065] Since a charge distribution in the amorphous material layer 72 varies 

depending on the written data, the conductivity of the amorphous material 
layer 72 varies. When data is read, the conductivity of the amorphous 
material layer 72 is measured. Since the conductivity thereof may be 
measured by measuring current, a process for reading data amounts to a 
process for measuring current. 
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[0066] More specifically, as shown in FIG. 18, a read voltage Vr is applied to 

the bit line 88 to measure current between the bit line 88 and the common 
source line 76 using a current measuring element 90 such as a sense 
amplifier connected to the common source line 76. In this case, the read 
voltage Vr is lower than the write voltage Vb in order to prevent changes in 
the state of the amorphous material layer 72, i.e., the written state of data. 
It may be considered that data "1" has been read when the measured 
current is relatively small, whereas data "0" has been read when the 
measured current is relatively large. 

SECOND EMBODIMENT 
Write 

[0067] Unlike in the first embodiment, a write voltage applied to a bit line 88 

changes depending on data to be written while an addressing voltage 
applied to a word line 82 is kept constant. More specifically, referring to 
FIG. 19, a first write voltage Vb and an addressing voltage Vw are applied to 
the bit line 88 and the word line 82, respectively. In the course of applying 
these voltages, a charge distribution in the amorphous material layer 72 
varies. When the amorphous material layer 72 stays in such a state, it is 
considered that data "1" has been written. In this case, the common source 
line 76 is grounded. 

[0068] Referring to FIG. 20, a second write voltage Vb* and the addressing 

voltage Vw are applied to the bit line 88 and the word line 82, respectively, 
thus changing a charge distribution in the amorphous material layer 72. 
When the amorphous layer 72 is in this state, it is considered that data "0" 
has been written. In this case, the common source line 76 is grounded. 
Read 

[0069] As described above, the conductivity of the amorphous material layer 

72, which varies during write operation, is measured to read data. However, 
voltages are applied in a different way from the first embodiment of this 
invention. More specifically, referring to FIG. 21 , the current measuring 
element 90 such as a sense amplifier is connected to the bit line 88. A 
predetermined voltage Vg is applied to the word line 82 to address the 
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voltage Vg. Furthermore, a read voltage Vr is applied to the common 
source line 76 to measure current between the bit line 88 and the common 
source line 76. In this case, the read voltage Vr is lower than the first and 
second write voltages Vb and Vb' of FIGs. 19 and 20 in order to prevent data 
from being volatilized. It is considered that data "1" or "0" has been read 
depending on current measured in this way. For example, it is considered 
that data "0" has been read when the measured current is large while data 
"1" has been read when the measured current is small. 

[0070] A method of manufacturing a memory device according to a second 

embodiment of this invention will now be described. For the sake of 
convenience, a process after forming a field oxide layer will now be 
described. Referring to FIG. 22, an amorphous material layer 72 is formed 
on an active region on a substrate 70. The amorphous material layer 72, 
which is a material layer serving as a memory for storing data, is preferably 
formed of silicon nitride. A metal layer (not shown) is formed on the 
amorphous material layer 72. The metal layer is preferably formed of 
platinum or other materials having characteristics similar to platinum. The 
metal layer is patterned by photolithography to form first and second metal 
layer patterns 74 and 76 separated from each other by a predetermined 
distance. The first metal layer pattern 74, which is a drain, is appropriately 
formed so as to secure the contact margin of a bit line. The second metal 
layer pattern 76, which is a common source line corresponding to either p n or 
p n+ i as shown in FIG. 15, is formed in a line shape so as to connect it to 
sources of a plurality of transistors. 

[0071] Continuing, as shown in FIG. 23, a plurality of semiconductor 

quantum dots 78 are selectively formed on the resulting material in which the 
first and second metal layer patterns 74 and 76 have been formed. For 
example, the plurality of semiconductor quantum dots 78 are formed over 
the resulting material in which the first and second metal layer patterns 74 
and 76 have been formed. A photoresist pattern (not shown) is formed to 
cover the semiconductor quantum dots 78 formed on the amorphous 
material layer 72 between the first and second metal layer patterns 74 and 
76 and the semiconductor quantum dots 78 formed on some regions of the 
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first and second metal layer patterns 74 and 76 while exposing the 
semiconductor quantum dots 78 formed on the remaining parts. The 
exposed semiconductor quantum dots 78 are removed using the photoresist 
pattern as an etch mask, and then the photoresist pattern is removed. In 
this way, a quantum layer consisting of the amorphous layer 72 and the 
semiconductor quantum dots 78 is formed. 
[0072] Referring to FIG. 24, an insulating layer 80 covering the 

semiconductor quantum dots 78 and the first and second metal layer 
patterns 74 and 76 is formed on the resulting material in which the 
semiconductor quantum dots 78 have been selectively formed. The 
insulating layer 80 is preferably formed to a predetermined thickness such 
that it may serve as a gate insulating layer, and it may be formed of a 
material layer such as a silicon oxide layer appropriate for the gate insulating 
layer. 

[0073] Referring to FIG. 25, word line 82 is formed on a region between the 

first and second metal layer patterns 74 and 76 and extends onto part of the 
first and second metal layer patterns 74 and 76. Since the word line 82 is 
connected to a gate of another transistor as well, it is formed in a line shape 
and preferably formed of polysilicon. Also, the word line 82 may be formed 
of a silicide layer such as a tungsten silicide layer or other material layer, or 
a multiplayer to reduce an electrical resistance. In this way, a memory 
transistor having functions of both RAM and ROM is completed. 

[0074] Continuing, referring to FIG. 26, an interlayer dielectric layer 84 

covering the word line 82 is formed on the insulating layer 80, and then the 
surface thereof is planarized. The interlayer dielectric layer 84 is preferably 
formed of silicon oxide. In order to form a bit line contact on the interlayer 
dielectric layer 84, a photoresist pattern (not shown) is formed to expose a 
portion of the interlayer dielectric layer 84 formed on the first metal layer 
pattern 74. The exposed portion of the interlayer dielectric layer 84 is 
removed using the photoresist pattern as an etch mask. This etching is 
performed until part of the first metal layer pattern 74 is exposed. As a 
result, a via hole 86 is formed to expose part of the first metal layer pattern 
74. In this case, the exposed semiconductor quantum dots 78 formed on 
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the first metal layer pattern 74 are removed. Continuously, in order to form 
a bit line, after removal of the photoresist pattern, a metal layer (not shown) 
for filling the via hole 86 is formed on the interlayer dielectric layer 84. The 
metal layer is preferably formed of aluminum. A photolithography for 
forming a bit line is used to pattern the metal layer, thereby forming a plate 
line 88 used as a bit line on the interlayer dielectric layer 84. 

[0075] As described above, a memory device according to the present 

invention may include a single transistor having a memory element (quantum 
layer) for storing data, thereby eliminating the need for a separate capacitor 
for data storage thus reducing the overall size of the memory device. As 
shown in FIGS. 2 and 14, a single transistor has a simple structure, which is 
the same as that of a transistor of RAM having no double gate, thereby 
allowing high speed operation and access comparable to RAM and lowering 
an operating voltage. Furthermore, as described above, the memory 
device according to the present invention including a nonvolatile memory 
element comprised of semiconductor quantum dots and an amorphous 
material layer has a function of ROM that is nonvolatile, thereby retaining 
data in the same state for a long period of time, but not permanently, and 
thus providing a power-saving CMOS memory device having a refresh cycle 
that is longer than that of RAM. 

[0076] A preferred embodiment of the present invention has been disclosed 

herein and, although specific terms are employed, they are used in a generic 
and descriptive sense only and not for purpose of limitation. Accordingly, it 
will be understood by those of ordinary skill in the art that various changes in 
form and details may be made without departing from the spirit and scope of 
the invention as set forth in the following claims. 

[0077] For example, the memory transistor and methods for operating and 

manufacturing the same may be applied to a memory device comprised of a 
memory transistor having a different insulating layer and methods for 
operating and manufacturing the same. A voltage may be applied to the 
first or second bit line B1 or B2 through a contact plug connected to the first 
or second bit line B1 or B2. Furthermore, in the memory device according 
to the first embodiment of the present invention, the semiconductor quantum 
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dots 56 may be formed on the amorphous material layer 58. In the memory 
device according to the second embodiment of the present invention, the 
amorphous material layer 72 may be replaced by a thin oxide layer or may 
be formed at the position where the insulating layer 80 is to be formed. In 
this case, the semiconductor quantum dots 78 may be left without changing 
the form of the memory device, or may be formed on the amorphous 
material layer 72. 



